The aim of this study was to investigate the association between physical activity (PA) and objective heart rate variability (HRV)-based stress and recovery with subjective stress in a longitudinal setting. Working-age participants (n = 221; 185 women, 36 men) were overweight (body mass index, 25.3-40.1 kg/m 2 ) and psychologically distressed (≥3/12 points on the General Health Questionnaire). Objective stress and recovery were based on HRV recordings over 1-3 work days. Subjective stress was assessed with the Perceived Stress Scale and PA level with a questionnaire. Data were collected at three time points: baseline, 10 weeks post intervention, and at the 36-week follow-up. We adopted a latent growth model to investigate the initial level and change in PA, objective stress and recovery, and subjective stress at the three measurement time points. The results showed that initial levels of PA (P < 0.001) and objective stress (P = 0.001) and recovery (P < 0.01) were associated with the change in subjective stress. The results persisted after adjustment for intervention group. The present results suggest that high PA and objectively assessed low stress and good recovery have positive effects on changes in subjective stress in the long-term.
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Sedentary lifestyle and obesity are major concerns in today's society because they are risk factors for multiple adverse health outcomes. Longitudinal studies have shown the beneficial effects of physical activity (PA) on health (Physical Activity Guidelines Advisory Committee, 2008; Gerber & P€ uhse, 2009 ). Furthermore, the evidence supports the significance of PA in the treatment of many chronic diseases (Pedersen & Saltin, 2006; Kujala, 2009 ). Additionally, an increase in PA has been found to be associated with improved psychological well-being, including decreased job stress (Conn et al., 2009; Thøgersen-Ntoumani et al., 2015) . However, individuals' wellness consists of both psychological and physiological well-being (Dodge et al., 2012) . For instance, psychological stress often causes sympathetic responses in the autonomic nervous system (ANS), such as reduced heart rate variability (HRV) (Chandola et al., 2010) . These physiological stress response reactions disappear during recovery; thus, successful recovery after a stressful situation is a central issue in stress management (Kinnunen, 2005) .
Long-term monitoring of health in real-life settings is an important element of health or wellness management (Lappalainen et al., 2005; Verberk et al., 2007) , and an HRV-based assessment of the physiological symptoms of stress is suggested to be a feasible method for this kind of long-term monitoring. HRV refers to the variation in intervals between consecutive heartbeats originating from the sinus node and reflects cardiac autonomic modulation non-invasively (Task Force, 1996) . Thus, typically a healthy person is characterized by high HRV with efficient autonomic mechanisms and good adaptation ability, while reduced HRV is an indicator of an abnormal and insufficiently adapted ANS (Porges, 1992 (Porges, , 1995 Vanderlei et al., 2009) . HRV is an independent predictor of mortality (Thayer et al., 2010) . Furthermore, both subjective stress (Thayer et al., 2010; Jarczok et al., 2013) and obesity (Zahorska-Markiewicz et al., 1993) are found to be associated with decreased HRV.
The majority of HRV studies have used traditional time-domain and frequency-domain HRV variables such as root mean square of the successive differences. These time-domain and frequency-domain variables are very individual which limits their usability in stress assessment. However, it is also possible to provide applied heart rate (HR) and HRV-derived stress and recovery variables that include information that is difficult to obtain from traditional measures of HRV (Teisala et al., 2014) . These novel variables consider factors such as HRV-derived respiratory variables and individual resting HR and HRV values. New objective approaches that consider the individuality of HRV could provide additional insight together with the subjective approaches often used in the assessment of stress and recovery.
Little is known about the association between objective physiological HRV-based stress and recovery with subjective psychological stress in a longitudinal setting. To the best of our knowledge, this study is unique in its focus on the association between PA and HRV-based stress and recovery with subjective stress in a longitudinal setting. The aim of the study was to investigate the effects of PA and objective stress and recovery on subjective stress among overweight and psychologically distressed working-age adults over a 9-month study period.
Materials and methods Participants
The present longitudinal study included individuals (n = 221; 185 women, 36 men) of different occupations with symptoms of metabolic syndrome and psychological distress who met the inclusion criteria in the initial screening for a controlled, randomized trial published previously (Lappalainen et al., 2014) . Data collection for the study was done at three time points: baseline, 10 weeks post intervention, and at the 36-week follow-up. The participants were randomly allocated into one of three low-intensity psychological intervention groups (internet-based, mobile-based, or face-to-face) or control group. The three intervention groups were described in detail previously (Lappalainen et al., 2014) . The inclusion criteria included perceived psychological stress indicated by at least 3/12 points on the General Health Questionnaire (Makowska et al., 2002) and self-reported body mass index (BMI) between 27 and 34.9 kg/m 2 . The participants did not have any severe chronic illnesses, and their current regular medication and changes in medication during the study period were reported. At the baseline, 79 participants had regular medication of those eight had a change in their medication and 13 participants started regular medication during the study period.
Available data on objective stress and recovery (HRV recording) and subjective stress (Perceived Stress Scale; PSS) were an additional inclusion criterion, and the use of HRVaffecting a-or b-adrenergic blocking agents was a further exclusion criterion for the analyses of this study. Finally, the subjects included in this study consisted of 221 individuals of whom 208 (94%) participated in the 10-week post-intervention measurements and 199 (90%) in the 36-week follow-up measurements. The reasons some subjects did not complete the study were health reasons (n = 6), life situation/motivational reasons (n = 12), or unknown reasons (n = 4). The characteristics of the participants at baseline, 10-week postintervention, and 36-week follow-up are presented in Table 1 .
All participants were informed about the initial study and provided written informed consent prior to any measurements. The study was conducted according to the Declaration of Helsinki, and the study protocol was approved by the ethics committee of the Central Finland Health Care District.
Measurements
The measurements included an assessment of objective stress and recovery based on HRV and subjective stress based on PSS. Additionally, PA and body composition were assessed. All measurements were performed at baseline, 10-week postintervention, and 36-week follow-up.
Objective HRV-based stress and recovery were determined from the beat-to-beat R-R interval recordings in real-life settings using a Firstbeat Bodyguard measurement device (Firstbeat Technologies Ltd, Jyv€ askyl€ a, Finland) over 1-3 work days. The data were then analyzed using the Firstbeat Analysis Server software (version 5.3.0.4), which included a powerful artifact detection and correction feature for irregular ectopic beats, and signal noise. Second-by-second indices reflecting the activities of the sympathetic and parasympathetic nervous systems were calculated with the short-time Fourier transform method. The software categorizes the data into different physiological states, such as stress, recovery, and the PA of different intensities by taking into account individual characteristics (e.g., individual levels and scales of HR and HRV and the individual relationships between HRV and autonomic control) . Stress is detected when sympathetic activity of the ANS dominates over parasympathetic activity without metabolic requirements caused by PA. Recovery is detected when parasympathetic activity dominates the ANS. In the categorization, second-bysecond HRV indices, HRV-derived respiration rate, oxygen consumption calculated by HR, HRV-derived respiration rate, and on-off kinetics, and parameter describing excess-post exercise oxygen consumption are used with neural network data modeling (for more details, see the white papers by Firstbeat Technologies Ltd). The intensity of stress reaction is calculated from the HR, high-frequency (0.15-0.4 Hz), and low-frequency (0.04-0.15 Hz) components of HRV and respiratory variables. The intensity of stress is high when HR is elevated, HRV is reduced, and the frequency distribution of HRV is inconsistent because of changes in the respiratory period. The intensity of recovery is calculated from the HR and high-frequency component of HRV, and it is high when HR is low and the high-frequency component of HRV is high and regular. Thereafter, the software creates variables, such as stress index and recovery index, to describe the state of the body (Saalasti, 2003; Kettunen & Saalasti, 2005; Kettunen & Saalasti, 2008; Firstbeat Technologies Ltd, 2014) . The stress index, which characterizes the magnitude of stress processes during the whole day, was used as an indicator of objective stress. The recovery index, which characterizes the magnitude of recovery processes during sleep (the 4-h window for determining the recovery index is set to start 30 min after going to bed), was used as an indicator of objective recovery in this study. These indices describe the mean intensity of the recognized stress/recovery reactions (theoretically ranging from 0 to ∞).
The HRV data included in the analysis of this study consisted of successfully recorded work days, with an allowed maximum of 15% regarding the percentage of detected and corrected artifacts in R-R intervals. If participant's measurement period included two or more work/days, an average was calculated and the mean values of the stress and recovery indices were used in the analysis. At the baseline, 187 participants had HRV data from two consecutive work days and the Pearson correlation coefficient for these days was 0.90 for stress index and 0.77 for recovery index. For each monitored day, the participants reported their alcohol consumption in standard units of approximately 12 g of ethanol (one unit: 33 centiliters [cL] beer, 12 cL red or white wine, 8 cL fortified wine, or 4 cL liquor), working hours, and sleeping hours in measurement diaries.
Subjective stress was assessed using the 14-item PSS (Cohen et al., 1983) , which measures the degree to which situations in one's life during the preceding month have been stressful on a 5-point scale ranging from 0 (never) to 4 (very often). The PSS sum score is calculated by reversing the scores of the seven positive items and then summarizing the scores of all 14 items. Internal reliability (Cronbach's a) was 0.86 for baseline PSS, 0.90 for 10 weeks, and 0.92 for 36 weeks.
PA was assessed using a validated questionnaire with questions including present activity and changes in PA within the past 2 months. These questions covered both leisure-time PA and commuting activity and were related to the intensity, duration, and frequency of PA. To describe the intensity of the form of the activity, a multiple of the resting metabolic rate (MET) was assigned for each activity. The MET index for each form of PA was calculated by multiplying the intensity (MET), duration (h), and frequency of the activity. The MET index was expressed as the sum score of different activities (MET-h/d) (Kujala et al., 1998; Waller et al., 2007) .
The assessment of body composition included measurement of the whole body fat percentage using bioelectrical impedance analysis (InBody720; Kuopio/Tanita BC-418 MA, Jyv€ askyl€ a, Helsinki) in the morning after 10-12 h of fasting. Body weight and height were also measured during the same laboratory visit.
Statistical analysis
Our aim was to investigate the association between PA and objective HRV-based stress and recovery with subjective stress during a 9-month study period. Wald test was used to analyze the differences in means between the time points. Because the study design included repeated measures over time, we used latent growth curve modeling (LGM) (Bollen & Curran, 2006) . To answer our research question, we used LGM in the structural equation framework. In LGM, the initial level and the change of each construct across the three measurement points were modeled as separate latent factors (Figs 1 and 2) . The Wald test showed statistically significant differences in the mean values between the time periods in PSS sum score, body weight, body fat percentage, and BMI. There were no statistically significant differences in the mean values between the time periods in MET index, stress index, and recovery index. *MET-h/day, based on a physical activity questionnaire.
By setting the first measurement point as the reference point, the latent level factor describes the mean level of the construct at baseline and its individual variation (e.g., latent level factor predicts the mean level of baseline and individual variation in baseline, the predictions of which are also equal to the second and third measurement points because the first measurement is set as the reference point). The latent slope factor, in turn, describes the mean change in each construct from the first to the last measurement point and individual variation in this change. The change used here refers to the non-linear change rate, which is affected by estimated factor loading of the second measurement point. An important element of LGM is its ability to deal with both the mean change rate and individual deviation from the mean change rate over time. This modeling feature enables an estimate of the associations of growth components for two parallel LGMs. The LGM specifications for PSS over time are presented in Fig. 1 . In the model, the factor loadings of the change were set to zero at first (PSS 0), set to one at third (PSS 36), and allowed to be freely estimated at the second measurement (PSS 10). Furthermore, all intercepts of the observed variables were set to zero and the factor means/intercepts were freely estimated. Using this specification, the parallel LGM for PSS and one predictor variable (MET index, stress index, recovery index) at a time was estimated. In addition, we included gender, age, medication use, alcohol consumption, and intervention group one at a time as covariates into the models.
The Mplus program (version 7.1) was used in the analysis of this study. The significance level of the study was set at 0.05. All the models were estimated using the full information maximum likelihood method with the standard errors and chi-square test, which are robust in the case of non-normal distribution (MLR estimator in Mplus). The missing values were assumed to be missing at random (Muth en & Muth en, 1998 -2012 . In addition, the model fit was evaluated using the chi-square (v 2 ) test, root mean square error of approximation (RMSEA), comparative fit index (CFI), Tucker Lewis index (TLI), and standardized root mean square residual (SRMR). Non-significant v 2 test, RMSEA lower than 0.06, CFI and TLI greater than 0.95, and SRMR lower than 0.08 indicated a good-fitting model (Hu & Bentler, 1999) .
Results
The Wald test showed statistically significant differences in the mean values between the time periods in PSS sum score, body weight, body fat percentage, and BMI. There were no statistically significant differences in the mean values between the time periods in MET index, stress index, and recovery index (Table 1) .
There was significant individual variation in the latent level and slope factors, and decline in the average PSS sum score, but the average and individual levels of stress index, recovery index, and MET index were rather stable during the 9-month study period. Due to the non-significant average growth and variance in growth of these variables across the three measurement points, only the latent level factor is included in the parallel LGM (Fig. 2) . The results of the model fit evaluation tests for the parallel LGMs are presented in Table 2 . For the LGM of the PSS alone (Fig. 1) , the model was saturated (e.g., the model fit was perfect).
The initial level of PSS was significantly associated with the change in PSS (standardized b = À0.536, P < 0.001). Higher initial level of PSS predicted a larger decline in PSS. The initial levels of the MET index (standardized b = À0.266, P < 0.001), stress index (standardized b = 0.259, P = 0.001) and recovery index (standardized b = À0.250, P < 0.01) were Fig. 1 . A latent growth model for investigating the change in subjective stress at the three measurement points (Perceived Stress Scale [PSS] 0, PSS 10, and PSS 36). Residual variances (h 11 , h 22 , h 33 ), estimated mean (a 1 ), variance (w 11 ), latent level factor (g 1 ), latent slope factor (g 3 ), regression coefficient (b 31 ), factor loading (k 23 ), and intercept (a 3 ). significantly associated with the change in PSS. The non-standardized values for the parallel LGMs are presented in Table 3 . Figs 3-5 illustrate the predicted changes in PSS that were influenced by the initial MET index, stress index, and recovery index levels. Higher initial level (average +1 standard deviation) of the stress index predicted a weaker decline in PSS (Fig. 3) , whereas higher initial levels of the recovery (Fig. 4) and MET indices (Fig. 5 ) predicted a larger decline in PSS during the study period. Neither body fat percentage nor BMI was associated with changes in PSS. Adjustment for age, sex, current medication or changes in medication during the study period, alcohol consumption, or intervention group did not affect the results. Age and current medication were significantly associated with the initial level of the stress index and recovery index; however, age and medication were not associated with changes in PSS over time.
Discussion
This study investigated the association between PA and HRV-based stress and recovery with subjective stress among overweight and psychologically distressed working-age adults over a 9-month study period. Interestingly, we found that the initial levels of PA and objective stress and recovery were associated with an overall change in subjective stress. The results suggest that individuals who feel stressed but have lower objective stress, have higher objective recovery, or are more physically active than average are prone to larger declines in subjective stress in the long term. This study utilized novel technology, and the results are in line with previous studies and traditional HRV measurement methods. Furthermore, our results provide additional information about the health benefits of PA. We found that initially higher level of PA was associated with a larger decline in subjective stress. This suggests that PA has beneficial effects on the individual's ability to decrease the level of subjective stress. To clarify, individuals who experience stress and at the same time are physically active benefit from their PA. They are more prone to lower the level of subjective stress compared with those who are inactive and psychologically stressed. In line with this study, a meta-analysis of work place PA interventions suggests that an increase in PA may decrease job stress among other health benefits (Conn et al., 2009) . From the perspective of physiological stress, PA may increase the ability of the cardiovascular system to control responses to acute stressors and speed up cardiovascular recovery from stress (Forcier et al., 2006) . Our finding showing the association between higher initial PA level and a larger decline in subjective stress provides additional evidence about the health benefits of PA. Based on our results, we are not able to draw any conclusions about the effect of increased PA on subjective or objective stress because there was no significant change in PA among our participants. It is suggested that the greatest improvements in health status are seen when people who are least fit become physically active and people who engage in exercise at levels above the general PA recommendations are likely to gain further health benefits (Warburton et al., 2006) . More research about the relationships between increased PA, HRV profiles, and subjective stress is needed. However, it is challenging to increase people's PA, and worksite PA interventions are thought to be associated with relatively small increases in PA (Bravata et al., 2007) . Previous studies using HRV measures have focused mainly on cross-sectional associations of subjective stress with objective stress. Subjective stress is found to be associated with decreased HRV (Jarczok et al., 2013) . For instance, Uusitalo et al. (2011) found that lower HRV was associated with higher feelings of stress during work days. They found that daytime irritation had a negative effect on HRV the following night. In line with this, Clays et al. (2011) found self-reported work stress to be associated with high HRV-based objective stress among 653 male workers. Additionally, there is some evidence on the association between HRV-based objective stress and subjective stress in longitudinal settings, but the results are somewhat inconsistent. In the study by P€ arkk€ a et al. (2009) , an intervention including lectures about stress management and exercise had a positive effect on participants' subjective stress levels. Interestingly, the authors found that the amount of both objective stress and recovery increased due to high subjective stress on a stressful day during the intervention. However, the study did not report significant changes in objective stress or recovery between pre-and post-intervention. According to P€ arkk€ a et al. (2009) , the observed increase in recovery on a stressful day may be caused by inactivity on that day. This is a reasonable conclusion because of the lack of the time determined as PA so that there is more time for other states of the body such as stress and recovery. Melville et al. (2012) found that 15 min of yoga and meditation were associated with reduced subjective stress and positive changes in HRV-based indicators of objective stress. The change in subjective stress was maintained 15-min post-intervention. Cheema et al. (2013) found that the positive change in participants' self-reported anxiety followed by a 10-week yoga intervention did not result in improvements in their HRV profiles. To conclude, the results of the previous studies are in line with the present study suggesting that positive changes in individuals' sub- Fig. 3 . The effect of the initial level of the stress index (SI); average, higher than average (average +1 standard deviation [SD]), and lower than average (average À1 SD) SI on the change in subjective stress (PSS) during a 9-month study period. , and lower than average (average À1 SD) RI on the change in subjective stress (PSS) during a 9-month study period. , and lower than average (average À1 SD) METI on the change in subjective stress during a 9-month study period.
jective experience of stress may be associated with short-time positive changes in their HRV profile. However, these results highlight that objective and subjective stress react differently so that HRV seems to be more stable than subjective experience of stress in long term. It is well demonstrated that after transient perturbations, for instance induced by mild exercise or short-acting vasodilators, short-term measures of HRV rapidly return to baseline. This return may be prolonged after more powerful stimuli, such as maximal exercise or long-acting drugs (Task Force, 1996) . However, more research is needed on how to achieve more permanent changes in HRV profiles. HRV has been proposed to be a good indicator for investigating the physiological effects of stress. It is even suggested that the association between stress and HRV is more obvious than the association of plasma catecholamines or cortisol secretion with stress (Chandola et al., 2010) . There is a recognized need for further research about the validity and reliability of HRV measurement. Among other differences between the methods of the existing HRV studies, the length of the HRV recordings varies greatly. Only short-term recordings of a few minutes in laboratory settings are used in some studies, whereas other studies utilize real-life recordings from 24 h to over several days. The results of Cipryan and Litschmannova (2013) indicate that researchers should be very cautious when drawing conclusions based on short-term HRV analysis. As HRV measurement is dependent on the duration of the R-R interval recording (Cipryan & Litschmannova, 2013) , the development of long-term methods is necessary to improve the reliability of HRV analysis. Stability of HRV measures derived from 24-h recording is suggested to be high (Task Force, 1996) . In this study, the reliability of the HRV-based measurement of stress and recovery between two consecutive days at baseline was quantified and the correlation for both stress index and recovery index was high. The novel method used in this study has been utilized in previous studies (e.g., Uusitalo et al., 2011; Teisala et al., 2014) and the findings of these studies further support the validity and reliability of this HRV-based method. The method has been validated against neuroendocrine responses to stress, and the indicators of stress and recovery during sleep have been found to be associated with free salivary cortisol response after awakening .
It is a strength of the present study that it utilized novel technology and that the HRV data were recorded in real-life settings over a rather long-time period, usually two work days. Hence, the validity and reliability of the present results can be considered to be strengthened due to the long-term HRV-based method used. The validity and reliability of the results was further enhanced by the fact that if the 24-h recording was unsuccessful (over 15% regarding the percentage of detected and corrected artifacts in R-R intervals), the day was excluded from the analysis. Traditional measures of HRV are sensitive to several confounding factors; thus, the average value of a traditional HRV measure from the measurement day is not very informative. The method presently used produced stress-and recovery-related variables based on the HR, HRV, and respiratory variables. First, the method recognizes the different physiological states and provides information about the magnitude of the physiological reactions. These variables can be considered as informative to both health-care professionals and patients/clients. It is difficult to compare the present real-life HRV-based findings with the previous ones obtained from short-term HRV recordings and those that used different measures than applied in this study. However, it is important to develop HRV measurement and to generate methods that provide informative and suitable variables that can be applied for general health care and lifestyle counseling.
As mentioned above, confounding factors that affect HRV are encountered when using traditional time-domain or frequency-domain measures of HRV. For instance, age, diseases like hypertension and diabetes, ethnicity, medication, smoking, alcohol and caffeine consumption, level of PA, and breathing are potential confounders in HRV studies (Task Force, 1996; Jarczok et al., 2013) . Additionally, the history of individual's medication may be a potential confounder. It is suggested that antidepressants cause a decrease in cardiac vagal control that is only partly reversible after discontinuing the medication (Licht et al., 2010) . Previous studies with traditional HRV variables often do adjust for at least age, but there is a great variation in the observation of the other potential confounders (Jarczok et al., 2013) . We investigated the effect of gender, age, alcohol consumption, and intervention group on the associations found. Although, this study excluded subjects who used a-or b-blockers, our participants included individuals using regular medication such as other cardiac medications or psychopharmacological, metabolic, or analgesic medication. Therefore, we also accounted for current regular medication and changes in medication during the study period in our present analysis. These adjustments did not affect the present results. However, we did not have the information about participants' long-term history of medications that may have effect on HRV (Licht et al., 2010) . This study did not investigate differences between the three intervention groups and the control group. We were interested in the associations between PA and objective stress and recovery with subjective stress independent of the intervention.
Self-report measures are influenced by several factors, and there is a risk for measurement bias. In stress assessment, however, subjective assessment cannot be totally replaced by objective methods. Although selfreports always include the risk of subjective biases, replacing self-reports with stress-related physiological measurements is not recommended. In stress assessment, it would be optimal to complement self-report measures with other objective measures (Semmer et al., 2003) . For example, our results suggest that using both objective and subjective stress assessment methods can predict more detailed information about individuals' stress and changes in their subjective stress. Additionally, attrition is an issue in longitudinal studies and needs to be considered in the analysis. In our analysis, the missing values were assumed to be missing at random, and all the available data and possible differences between dropouts and completers were considered in the analyses. The dropouts did not differ from the completers at baseline according to PSS sum score, stress index, recovery index, or MET index. The dropout rate was slightly greater among women.
This study is unique in its focus on the association between the initial levels of PA and HRV-based indicators of stress and recovery with changes in subjective stress in a longitudinal setting. HRV recording in real life involves several confounding factors, and there is a need for the development of HRV methods. This study utilized novel HRV-based method which acknowledges the individuality of HRV. First, the present results highlight the importance of PA in stress management. Second, the findings suggest that it is important to acknowledge both the subjective and the objective aspects of stress in stress assessment and management. The present results indicate that factors such as PA and objective stress and recovery affect the individual's perception of subjective stress. Further the results highlight the difference between objective and subjective stress as the positive change in subjective stress was not observed in objective indices of stress or recovery. Hence, the results give reason for assuming that positive changes in HRV-based objective stress and recovery require additional changes in lifestyle, such as increase in PA. Nevertheless, more research about the relationship between subjective and objective stress is needed because of the limited evidence about the association between changes in physiological and psychological stress variables in longitudinal settings. Furthermore, intervention studies about the association of increased PA with both subjective and objective stress are warranted. This study suggests that the novel HRV-based technology used in the assessment of objective stress and recovery in this study can provide important information about individual's stress and recovery. These kinds of methods for monitoring stress in real life could help to obtain an early identification of stress and may alert the individual to engage in corrective actions, such as PA.
Perspective
Sedentary lifestyle and stress are major concerns in today's society because they are risk factors for multiple adverse health outcomes. HRV may be a feasible method for stress assessment. However, it is important to develop HRV-based long-term methods that account for the individuality of HRV. This longitudinal study utilized novel HRV-based technology and the results suggest that high PA and objectively assessed low stress and good recovery have positive effects on changes in subjective stress in the long term. These results provide important information about the efforts needed for stress management to improve individual's health and wellness. This information is valuable for health policy, and the results are useful for health-care professionals in their daily clinical work.
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